B-4-4 Figure 6 shows gate leakage characteristics with or without TiO, films on 2.5 nm thermal oxide. Leakage cunent was found to be improved in the case with TiO, tllm as compared with that of SiO, alone. And thinner TiO,(6nm) suppresses gate leakage current bett-er than does thickerTiOr(l7nm). Figure 7 shows the TiN oxidation temperature dependence of TiO, surface roughness and TiO, grain size. The roughness was measureri Uy nnfU. It is clear that TiO-, surface roughness becomes larger with increasing TiO, thickness and with increasing TiN oxidation temperature. Figure 8 shows gate leakage characreristicb of TiN/TiO,(6nm)/ SiO" structures. It was found that TiN/TiOr/SiO, structure shows lower leakage current density than that of poly Si/SiO, structure even at smaller effective oxide thickness. Highest temperalure oxidation case was found to show the lowest leakage curent.
. The oxidation rate (consumed riN thickness in one hour) was 40nm/hour at 500"C. Figure 3 shows XRD spectra of oxidized riN films at 500-800"c. (TetT=3nm) and Al/TiN gate electrode were applied. Good transistor characteristics were obtained by using the TiO, formation process.
4.Conclusion
A new TiO, gate insulator formation method is proposed. Low leakage TiO, films were found to be reproducibly formed by uttrathin TiN deposition and low temperature thermal oxidation. lt is considered that better electrical characteristics were obtained as a result of the smoother surface due to microcrystalline structure of the TiO, film and the smoother TiO/SiO" interface without interfacial reaction with an underlying SiO, fiim. 
